Multicarrier systems are highly sensitive to the intermodulation distortion (IMD) introduced by high-power amplifiers (HPA) at the transmitter and to the intercarrier interference (ICI) due to a carrier frequency offset (CFO) at the receiver. We analyze the bit-error rate (BER) degradation induced by these impairments in the downlink of a multicarrier direct-sequence code-division multiple-access (MC-DS-CDMA) systems in frequency-selective Rayleigh fading channels.
INTRODUCTION
Multicarrier CDMA techniques are attractive for future mobile broadband communications [ l] because they can combine the low complexity equalization of cyclic prefixed OFDM systems, and the multiple-access interference (MAI) mitigation capabilities offered by CDMA systems.
The high sensitivity to frequency synchronization errors is one of the main problems of multicarrier schemes [2]. Indeed, the CFO, which models the frequency mismatch between the transmitter and receiver oscillators, originates ICI, thereby destroying the frequency-domain orthogonality of the transmitted data. Another serious impairment is the presence of a non linear HPA at the transmitter, which introduces IMD. Indeed, multicarrier signals are characterized by a high variability of their envelope, and consequently they are significantly distorted when the HPA works close to the saturation in order to optimize the power efficiency.
Herein we focus on a system that is commonly identified as MC-DS-CDMA [l], where multiple users are discriminated by spreading in the time domain., and we want to analyze the BER degradation introduced by the mentioned impairments. Specifically, we consider the BER performance in the downlink when the mobile receiver employs a low-complexity matched filter (MF) detector. Previous papers on this subjects considered either the effect of CFO [3] or the effect of the HPA [4]. The purpose of this paper is to develop a BER analysis that jointly takes into account CFO and nonlinear distortions in multipath fading channels.
SYSTEM MODEL
We consider the downlink of an MC-DS-CDMA system with If R,, denotes the cyclic prefix elimination matrix, by using (1) and (2) 
BER ANALYSIS
By denoting w i t h An = carrier, the BER can be expressed by the channel gain of the nth sub- The noisy term A,,zl,n,k in (14) is proportional to A,, , and hence it represents the interference that fades coherently with the useful signal, while z~, , ,~ represents the interference that fades independently of An , because the powers of the terms in
( 1 9) and (20) At this point, we approximate as Gaussian the interference terms in (15) and (16). Such an approximation is reasonable under the hypothesis of a high number of subcarriers. Note that for constant-modulus constellations the term in (19) is exactly Gaussian. Assuming for simplicity 4-QAM with Gray coding, the conditional BER is expressed by 'BE,n,k('n)
=Q(J=) (29)
and the resultant BER is obtained by inserting (29) 
SIMULATION RESULTS
We consider a 4-QAM MC-DS-CDMA system with N = 256 , A f = 1 IT = 156.25 kHz, cyclic prefur L = 64, a channel characterized by an exponentially d e c a p g power delay profile and nns delay spread of 250 ns, and a perfectly predistorted amplifier [6] . We also assume that the base station employs Walsh-Hadamard (WH) spreading codes of length G = 16. The received Eh I N o is defined before the despreading, while the BER is averaged over all the subcarriers and users. values of E is evident. This fact clearly testifies that the Gaussian approximation of the IC1 leads to accurate results in frequency-selective scenarios. Fig. 2 shows the impact of the HPA on the BER performance in the absence of CFO. We defined OB0 = Pu,Mm/~: , where PU,MAX and 0 : are the maximum power and the mean power, respectively, of the HPA output signal. We assume that the amplifier is perfectly predistorted, i.e., it behaves as a clipper of the HPA input envelope. Fig. 2 suggests that the Gaussian approximation of the LMD is slightly worse than for the IC1 in Fig. 1 , especially at the saturating BER. Indeed, for a clipping amplifier, the Gaussian approximation of the LMD is very accurate only for moderate S N R and for high number of subcarriers. However, in the assumed scenario the BER mismatch seems to be quite small.
In Fig. 3 , we still assume E = 0 , and we focus on the impact of the number K of active users on the BER performance. We also assume that each user employs a h e d spreading code, i.e., that the Mh user employs the kth row of the Hadamard matrix. Fig. 3 shows that at low S N R the BER increases w i t h the number of active users, as expected. However, the BER floor at hgh SNR does not increase with the number of users. Such a behavior is due to the fact that the IMD powers in (25) and (27) depend on R,(g,g') , which is highly sensitive to the choice of the spreading codes among those provided by the Hadamard matrix. Fig. 4 
